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VOL. 6 OPERATIONSDATABOOK

PARTI FLIGHTOPERATIONS

SECTION I SUMMARY

6.0 INTRODUCTION

Part I of Volume 6 includes the supporting data on performance,

mission techniques and flight operations cost used in the defin-

ition of the three Storable Tug options. This part of the Opera-

tions Volume has been split into 3 sections for convenience in

handling. Section 1 is a stmm_m_j of the pertinent information
defined in detail in Section 2 "Performance'_ and Section 3 "Orbital

Operations Cost". Part II of Volume 6 presents the Ground Operations Data.

Section I includes comfiguration nomenclature_ su_nary of weight

statements, an overview of the configuration elements, avionics
schematics and flight mode stmmma_es. A more detailed description

including in-board profiles can be found in Volume 5 "Systems".

The performance data of Section i summarizes the detailed consum-

ables analyses and performance assessments presented in Section 2
for each configuration and its associated flight modes. The results

of the payload capture ana_sis using this performance assessment is
shown in 6.2.1.4, which includes the number of expendable Tug's and

add-on elements used by the concept on a yearly basis. This capture
comparison is presented in more detail in Volume 4 "Mission Accomplish-
ment".

Para. 6.2.2 summarizes the flight operations functional requirements

for both the vehicle and ground flight support organization. The

functional requirements presented are for single stage geosynchronous

missions. We have used this mission flow as a baseline in performing

a "grass-roots" estimate for flight operations costs based on our data

files from the LM. It has been estimated that the Tug geosynchronous

round trip mission is spproximately equivalent in complexity, exlcudimg
craw safety issues, to the stable of earth orbital and lunar missions

performed by the LM. Complexit_ factors, Para. 6.2.5.7, have been

established for each candidate based on the weighted sum of level 1

operations in the flight modes used by the concept. These complexity

factors are normalized relative to the single stage round trip mission

and used to establish the cost differences between concepts. To

establish the impact of autonomy on costs, two factors where considered,

namely, impact of autonomy on ground network duty cycle and the impact on

on-board and MCC soft,ware. Section 6.2.2.3 _izes the analysis of

network scheduleing for 3 NASA missions.whigh reflects different levels
of payload energy requirements. A scheduling analysis of a geosynchro-

nous mission using the AF SCF is also provided. The network coverage

available for ground activity is based on the network coverage schedules

6.0-1



Page 2

6O INTRODUCTION (continued)

provided in Section 2 (Para. 6.3.8). Note that the coverage available

in most cases exceeds the required time to perform the ccmnunications

and navigation functions for the Tug Level III & II Autonomous systems
used in the analysis. Para. 6.2.5.7 summarizes the software require-

ments for the on-board and MCC computers as a function of Autonomy

level. The relative size of these software packages was used as an

autonumy complexity factor on manpower requir_nents for mission planning
(proportional to on-board software) and flight control (proportional to
MCC software).

_a. -_6.2.6 st_marizes the cost data provided to our Progrm_natics

_ Cost Task and used as the basis for flight operations reporting in
Volume 8. A detailed Task flow, task description, schedule and manpower

loading are provided in Para. 6._ for all the WBS elements impacting
flight operations.

Para. 6.5 thru 6.10 include trade-off study results pertinent to

_¢aluating flight related issues. Effort has been made in presenting
this trade-off information to identify key study areas for the next
period of the contract.

In addition to the open technology issues identified in Section 3,
deeper analysis of the Flight Operations Cost assumptions made by us is

rec_ended. This would include deeper penetration of functional soft-

ware requir_,ents particularly for the Automatic Mission Design program,
MCC real time software and simulation software. Preliminary system

architecture for the mission control centers should be prepared and

equil_nent lists generated as a means of establishing better cost estimates

for facilities. It is also recn.-,ended that a NASA/DOD effort be initiated

to correlate the cost complexity factors with previous upper stage programs.

6.0-2



6.1 Configuration and Mission Summary

The tables and figures which follow summarize the configuration

which will satisfy NASA and DOD program requirements for a phased and

direct development TUG in accordance with options l, 2, 3A and 3B. An

overview of the salient design features and a brief description of

the proposed missions for each configuration is presented.

-PAGE---6.i-I
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6.2 ORBITAL OFERATIONB SUMMARY

(_.2.1 Performance Summary

6.2.1.1 Consumable/Delta-V Matrix

Table _2.Ll-1 contains, in summary form, the delta-V and non-propulsive

consumables data used to establish the APS usage for a mission and in addition

lists the resulting APS propellant quantity required for the mission/concept.

The weight statements which show detailed time histories of MPS propellant

usage,APS propellant usage, consumables (from Table _2.1.1-1) and payload are

contained in section 6.3.

- PAGE- 6. _2--L--i



t_J

r_

c_J

_o_
c,i

o

!

v

o

o f

PAGE 6.2- 2



6.2.1.2 Performance Comparison for the NASA Geosynchronous Eq_atorial

Mission.

The payload capability for each concept within the four basic options

has been summarized in Table 6.2.1.2-L The payload data presented for deploy-

ments using an apogee kick stage (AKS) represent the total capability of

the concept; if a deorbit kick stage (DES) is required to eventually deorbit

the payload its weight must be subtracted from the payload capability number

presented in Table 6.2.1.2-1.

The payloads quoted in the table for the Retrieval Delay Mode repre-

sent deployments and retrievals of equal weight. In fact, the Tug can deploy

a payload in the first of the two missions which constitute this mode, which

is heavier or lighter than the payload which is eventually returned on the

second mission. The curve which establishes the relationship of first mis-

sion deployment capability to second mission retrieval capability is con-

tained in section 6.3 under the applicable concept heading.

The payloads quantities listed under the heading "DOUBLE P/L" repre-

sent the weight of eac____hofthe two payloads that can be deployed.

PAGE _. 2-



i,

O

Z

Z

Z

Z

Z

O

e_

O

ewl

O

PASE 6.2- 4

o

o



6.2.1.3 Performance Sensitivity Factors

Table 6.2.1.3-1 contains a series of sensitivity

coefficients that enable the effect on payload capability

of various weight and performance factors to be evaluated.

The sensitivity of payload to TUGfixed (burnout) weight,

initial weight, MPSspecific impulse, outbound delta-V,

is presented for all options in Table 6.2.1.3-1. For

example, a one second increase in the llOA-1 vehicle

specific impulse would increase the payload capability of

the vehicle by ll7 lbs. Similarly, the effect of the

other factors on payload can be evaluated.
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6.2.1.4 Payload Capture Comparison

6.2.1.4.1 Flight

This represents the first of the three successive sub-

sections of the capture analysis which constitute the Mission

Accomplishment input to the Programmetics/Costing effort

reported on in Volume 8. The Flight Summaries are presented,

in order, for NASA, DOD, and combined NASA/DOD traffic. The

entries for each concept are intended to emphasize the principle
characteristics of the subject concept. These summaries are

contained in tables 6.2.1.4.1-1 through 6.2.1.4.1-18 which

follow.

Information relative to expendable mode and WTR operations

may be obtained from the Flight Element Requirements and/or
the Detailed Traffic Assessment Data contained in Volume _.
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6.2.1.4.2 Flight Element Requirements

These summaries are the second input to Programmatics/

Costing. The charts identify the number of Tugs and auxiliary

flight elements flown each year for each of the categories

listed. For thoee Tug concepts empSoying kick stages, recovery

of the kick stages is determined from the Flight Summary in

Paragraph 6.2.1.4.1 smd/or Detailed Traffic Assessment Data
contained in Volume 4. In addition, summary descriptions of

the kick stages used are included where applicable. As

with the Flight Summaries, the order of presentation is

NASA, DC_ and Combined NASA/DOD traffic. These summaries
are contained in Tables 6.2.1.4.2-1 through 6.2.1._.2-2_
which follow.
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6.2.5 OPERATIONS COMPLEXITY

A methodology has been applied to determine the relative complexity of

concept flight modes by taking the weighted sum of operations required

'to perform a mission. All Level i operations were weighed with the

following multipliers :

o 8 for operations involving crew safety

o 4 for operations needed for TUG. recovery

o 2 for operations needed for payload deployment

o 1 for operations needed for payload recovery

An additional c_mplement of factors were added as follows:

o 8 for critical functions (i.e., docking, staging, etc. )

o 4 for unique trajectory functions (i.e., correct for nodal

regression)
o 4 for deficient _unctions (i.e., payload loiter checkout)

This approach provides a basis for camparing the operations complexity of

the various options and is also used as the scaling factor for determin

flight operations cost. Our approach to costing flight operations was
to establish a detailed "stra_mma" cost based on a "bottoms-up" estimate

of the geosynchronous round trip mission. Our files on LM costs

(complexity factor 177) were used to establish this estimate. The

costs were then scaled by the cQmplexity factor to establish cost

differences between concepts.

Table 6._.5-1 lists the complexity factor for each Tug configuration

and for each mission flown by the configurations to meet the payload
model. This table also lists the figures that contain the mission

functional flows and the weighted values used to determine the complexity

factors.
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6.2.6 Cost Stm_ary

Flight operations costs are sun.narized in Table _.'_.6- J

for 6 programs. Within NASA or DOD, cost is separated

into the following categories: (i) DDT&E prior to IOC,

(2) Flight Test prior to IOC, and (3) Operations, which

includes DDT&E following IOC, Flight Test following IOC,
and Recurrimg Operations. Under Option i, Configuration

iiO (without Apogee Kick Stage) is included for comparison

with Configuration IIOA. The costs far the evolved config-

urations are based on the asstlnption that the initial

configuration preceded the evolved configuration.

Inspecting t_ cost st_m_y table, the minimum cost progr_n

is liOA, Option l,with the NASA cost at $76.50M and the DOD
cost at @3.35M. The maximum cost program is 320A-_-320AE

Option 3A for NASA at $I_.56M and 510A _ 510ADE

Option 3B for DOD at _6.12M (with 32OA _ 320AE Option

3A a close second for DOD at _.9_)-
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6.2.6.1 Methodology

The overall approach used to generate costs for flight

operations is summar£zed below and details are contained in

section 6.4. _"

(1) A bottoms up estimate based on LMcost records was

used for the 1 stage round trip mission estimate.

The manpower and software requirements were estimated

for the categories of mission planning, flight control,

flight evaluation, and flight software, distinguishing
between NASA emd DOD, between the agency and contractor,

between the nonrecurring operations and recurring
operations, and between pre-IOC and post-IOC operations.

(2) Translate the manpower and software requirements into
dollar costs.

(s) Reduce the level of breakout to show miss1_u planning,

flight control, flight evaluation, and flight software,

for DDT&E (pre-and post-IOC), Flight Test (pre-and post-

IOC) and Recurring Operations.

(4) Multiply the results obtained in step 3 for the round-

trip flight by the normalized complexity factor associ-
ated with each other type of flight to obtain the costs

for the other types of flight.

(5) Perform steps i, 2, 3 and _ for autonomy level 2.

(6) Apply the above results to each configuration - option

at autonomy levels 3 and 2 as appropriate and adjusting

for the actual flights/year (as compared to the 3 flights/
year assumed in g_nerating baseline costs).
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6.2.6.2 Non-Recurrlng Flight Operations Cost

Non-recurrlng flight operations cost excluding flight test

is given in Table _._._Z_under the heading DDT&E for those

costs which occur prior to IOC. In the cases of the options

in which configurations evolve, data is given for the initial,

evolved, and initial plus evolved configurations. The

minimum amdmaxi_mm costs are given below:

NASA

DOD
ii

MINIMUM COST
t t l in

CO,FIG OPTION

IIOA I

ll0A 1

ill i i i i. i

MAXI]_JM COST

CONFIG. OPTION

3eOA*3e0AE 3A

410AD 2

42.75

5.o8
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6.2.6.3 Nea-Recurrimg Flight Test Operations Cost

Non-recurring Flight Test Operations Costs are summarized in

Table_&.?_Q_-IforNASA and DOD separately. The costs are those

incurred prior to IOC and are given for the 6 programs, with

breakout for mission planning, flight cont_ol'_ flight evalua-

tion, and fl_ht softw_In the case of co_figurations which

evolve, costs are given for the initial and evolved configura-

tions separately and then for the initial and evolved configura-
tions combined.

Minimum and Maximum costs are given below:

MINIMUM COST

NASA

DOD

CONFIG.

llOA
i |l i

i

OPTION

1
i li

i ii,,,

COSTSM

1.30

MAX_4UMCOST

CONFIG.
l

410AD
, , ,,i

OPTION

2

COSTSM

3.31
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6.2.6.4 Recurring Flight OperatiQns Cost

Recurring flight operations costs are summarized in Table 6.2.6.4-1

for NASA and DOD separately. The total recurring cost is taken

as the sum of l_st-IOC DDT&E, post-IOC Flight Tests, and standard

recurring operations. The average cost per flight is computed

by dividing the total recurring cost by the no. of flights.

Minimum and maximum average costs per flight are given below.

NASA

MINIMUM

Config.

510A

510 ADE

310

310 ARE

Option

3B

3B

Ave. Cost/

Flt SM

0.36

Config.

320A

320AE

Option

0.33 32OA

32OAE

BA

MAXIMUM

Ave. Cost/

Fit

0.54

3A 0.54

P
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